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ABSTRACT 
In this study three (3) water samples were collected from the River Benue Basin, within the catchment of the 
Benue State Works. The water samples were collected at different points within this region alongside water 
Lilly plants at the same points in the study area. This research was aimed at assessing the physicochemical 
properties and heavy metals (Cu and Pb) content in water and water lily plant around Benue Water Works in 
Makurdi. The physicochemical parameters of the water samples as well as determination of Cu and Pb in the 
water samples, and water lily plant was done using standard methods. Results were compared to the World 
Health Organisation (WHO) guidelines to assess suitability. The results of the physicochemical parameters were 
either below or within the accepted limit except for colour (179 - 220 mg/units) and electrical conductivity (919 
– 1760 µS/cm) which were above the WHO recommended limits of 15 TCU and 1000 µS/cm respectively. 
Trace metal contamination was exceedingly above WHO recommended level of 0.01 mg/L for Pb in water. 
Similarly, Pb concentration (48.5 – 53.6 mg/kg) in the plant samples was above the WHO/FAO recommended 
value of 5 mg/kg indicating pollution. It was concluded that the water is not completely safe for drinking and 
with the high level of Pb both in the water and plant samples, the water poses environmental health risk to 
inhabitants and the society in general. 
 
Keywords: Heavy metals, Physicochemical parameters, Water quality, WHO/FAO guidelines 
 
INTRODUCTION 
The environment is progressively being 
altered in recent times through the activities of man 
and his technological advancement (Essoka et al., 
2006). Through urbanization, industrialization and 
technology, man has developed the capacity to alter 
the natural interaction to an extent that the 
environment has been threatened to a devastating 
point (Greaney, 2005). The role of heavy metals in 
the environmental matrices is increasingly 
becoming an issue of global concern to farmers, 
policy makers and researchers. 
Heavy metals have become a widespread 
problem around the world in recent years (Castro-
González and Méndez-Armenta, 2008). The level 
of heavy metals in the environment varies between 
different regions resulting in spatial variations of its 
concentration (Morais et al., 2012). Although 
heavy metals occur naturally in the earth’s crust, 
they tend to be concentrated in agricultural soils 
because of the application of commercial 
fertilizers, manures and sewage sludge containing 
heavy metals (Zeng et al., 2008). According to 
Essoka et al. (2006) oil industries constitute a 
major source of pollutants to the environment 
especially through liquid discharges and oil spills 
as well as gas flaring resulting in atmospheric 
deposition of metals. Osam et al. (2013) added that 
activities such as burning of fossil fuel, smelting 
and discharge of industrial, agricultural and 
domestic waste as well as deliberate application of 
pesticides are some of the pathways by which 
heavy metals are released into the environment. 
Anthropogenic activities such as petroleum 
prospecting and mining as well as oil spillage are 
also major sources of heavy metals in the 
environment (Osuji and Onojake, 2004). 
Contamination of the soil ecosystem with 
heavy metals is thus a critical environmental 
problem (Babatunde et al., 2014). The presences of 
heavy metals in the soil subsequently enter the food 
web through plants which eventually constitutes 
health risk to plants, humans and animals when 
they bioaccumulate in the tissues of plants and 
animals. Boran and Altynok (2010) described 
heavy metals as one of the most harmful pollutants 
because of its toxicity. 
The loading of ecosystems with heavy 
metals may be due to excessive fertilizer and 
pesticide use, irrigation, atmospheric deposition, 
and pollution by waste materials (Aydinap and 
Marinova, 2003). The source of heavy metals in 
plants is the environment in which they grow and 
the soil from which heavy metals are taken up by 
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roots or foliage (Okonkwo et al., 2005). Plants 
grown in polluted environments can accumulate 
heavy metals in high concentration causing serious 
risk to human health when consumed. (Kisamo, 
2003). 
Heavy metals are very harmful because of 
their non-biodegradable nature, long biological half 
lives and potential to accumulate in different body 
parts (Arora et al., 2008). Most of the heavy metals 
are extremely toxic because of their solubility in 
water. Even low concentrations of heavy metals 
have damaging effects on man and animals because 
there is no good mechanism for their elimination 
from the body (Chen et al., 2005). Food and water 
are the main sources of man's essential metals; they 
are also the route through which he is exposed to 
various toxic metals. Heavy metals are easily 
accumulated in the edible parts of leafy vegetables, 
as compared to grain or fruit crops (Mapanda et al., 
2005). 
In most cases in Makurdi, crops are 
cultivated on and around the river banks. These 
crops have the tendency to accumulate heavy 
metals in their edible parts and consumption by 
man may result in severe implication on health. 
The problem therefore is lack of awareness of the 
likely effect of cultivation and consumption of 






MATERIALS AND METHODS 
Study Area 
The study was carried out in Makurdi 
metropolis, Makurdi Local Government Area of 
Benue State, North Central Nigeria. Benue State 
has a fluctuating temperature of 21-37℃ with 
annual rainfall in the range of 100 – 200 mm. Its 
geographical coordinates are longitude 7° 47′ and 
10° 0′ East, Latitude 6° 25′ and 8° 8' north. 
Makurdi is the state capital and also the 
headquarters of Makurdi local government area. 
The town is divided into north and south banks. 
The River within Makurdi metropolis receives 
effluent principally from Wurukum abattoir, 
Wadata market and industries of Coca-Cola Plc, 
Brewery Plc and Mikap Nigeria Ltd. The river 
receives copious amounts of human and industrial 
pollutants/debris through small open drainages as it 
flows through the highly populous area of Makurdi.  
The Makurdi Water Works is the major 
commercial hub that provides domestic water 
supply to the residents of Makurdi. It is located at 
the Bank of the River Benue, about 600 m away 
from New Bridge and 4.5 km away from Wadata 
Market. Effluents from the new and old bridges 
flow directly through the Benue Water Works 
(Figure 1). The choice of site is based on the 
proximity to refuse dumps, water traffic, human 
activities such as washing, discharge of human 
waste, buying and selling of fresh fish, and the 
cultivation of crops by farmers for sale in Makurdi 
and neighboring towns and villages. 
 
Figure 1. Map of Makurdi metropolis showing the study location; Source: Nnamonu et al. (2015) 
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Water Sampling and Preparation 
Three (3) water samples were collected 
from the River Benue basin, within the catchment 
of the Benue State Water Board. Three  water 
samples were collected at different points (To 
produce a composite sample) within this region 
into a 500 mL plastic bottle that were washed and 
soaked in 10% nitric acid for 24 h, rinsed 
thoroughly with double distilled water and oven 
dried APHA (2005). The water samples for heavy 
metal analysis were acidified with 1% HNO3. In 
the laboratory, the water samples were filtered 
through Whatman’s 0.45 μm membrane filter 
paper. One hundred milliliters of the filtered water 
was mixed with 5 mL HNO3 and 5 mL H2SO4. To 
allow the acids to become concentrated, the 
mixture was heated until the volume was reduced 
to about 15 to 20 mL (Asante et al., 2007). The 
digested samples were allowed to cool to room 
temperature. It was then filtered through 
Whatman’s 0.45 μm filter paper. The final volume 
was adjusted to 100 mL with double distilled water 
and stored for analysis. 
 
Analysis of water sample 
Physicochemical parameters studied in 
this work which include electrical conductivity 
(EC), colour, turbidity, total dissolved solids 
(TDS), total suspended solids (TSS), pH, dissolved 
oxygen (DO), biological oxygen demand (BOD), 
chloride (Cl-), total hardness were determinedusing 
the standard laboratory methods described by 
APHA (2005). All measurements were carried out 
in triplicates. 
 
Plant sampling and Preparation 
Water Lilly plants were collected at three 
different points in the study area. The plant samples 
were packed in polythene bags and transported to 
the laboratory for analysis. Plant samples were also 
washed thoroughly with distilled water to remove 
any particle on the leaves of the plants. Each plant 
sample was placed in a brown envelope and kept in 
the oven at 70 - 80 °C until constant dry weight 
was attained. The samples were then milled into a 
powdery form. The milled samples were passed 
through a 2 mm sieve and then stored in well 
labeled plastic polythene bags for acid digestion in 
order to determine the presence of heavy metals in 
the samples. 
 
Digestion of plant samples  
For each plant sample, 0.5 g was weighed 
into a 100 mL conical flask and 5 mL of 
concentrated H2SO4 was added and left to react 
overnight. The sample was then placed on a hot 
sand bath at 95 °C for some time and few drops of 
hydrogen peroxide (H2O2) were added until the 
samples completely oxidized. After cooling, the 
digested samples were filtered into 100 mL 
volumetric flask and made up to the mark with 
distilled water. 
 
Heavy Metal analysis of water and plant 
samples 
Flame Atomic Absorption 
Spectrophotometry; Varian SpectrAA 600 Model 
was used to measure the metals (Cu and Pb) both in 
the water and plant samples. 
 
RESULTS 
Table 1 shows the results of the 
physicochemical properties of the water and heavy 
metals in the water and plant samples analysed; 
Total dissolved solid (TDS), Total soluble solids 
(TSS), Electrical conductivity, turbidity and color. 
The values of TDS, TSS and turbidity were 
expressed in mg/L while electrical conductivity and 
color were expressed as µS/cm and mg/units 
respectively. The values obtained for sample A 
were 395, 38, 1760, 1.83 and 220 for TDS, TSS, 
Conductivity, Turbidity and color respectively. 
Sample B had 635, 36.5, 979, 1.15 and 180 for all 
the measured parameters in that order. Sample C 
had 622, 37, 919, 1.76 and 179 accordingly. Other 
parameters measured were pH, total hardness, 
biological oxygen demand (BOD), dissolved 
oxygen (DO) and chloride ions. The values for 
each parameter were expressed in mg/L. The values 
obtained for sample A across the parameters were; 
5.99, 100, 3.0, 6.2, and 213 respectively. Sample B 
had 6.13, 105, 5.0, 5.7 and 35.5 across the 
parameters accordingly. Sample C had 5.96, 112, 
3.6, 5.6 and 35.5 respectively.  
Heavy metal concentration in water was 
measured in (mg/L). Copper content in sample A 
was 0.0323, B had 0.0243 while that of C was 
recorded to be 0.0231. The Pb content in samples 
A, B and C were recorded to be 0.135, 0.190 and 
0.152 respectively. The values of heavy metals in 
water lily plant measured in (mg/kg). Copper 
content in the three samples were recorded to be  
7.10, 4.28 and 5.50 respectively  while that of Pb in 
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Table 1: Result of the physicochemical parameters of the water sample 










DO (mg/L) BOD 
(mg/L) 
Cl-(mg/L) 
A 5.99 ± 0.01 1760 ± 
1.20 
1.83 ± 0.02 220 ± 2.20 100 ± 2.20 395 ± 6.00 38.0 ± 2.60 6.20 ± 0.02 3.00 ± 0.05 213 ± 4 
B 6.13 ±0.18 979 ±3.30 1.15 ± 0.01 180 ± 0.60 105 ± 1.20 635 ± 8.00 36.5 ± 1.20 5.70 ± 0.04 5.00 ± 0.1 35.5 ± 2.4 
C 5.96 ± 0.02 919 ± 0.05 1.76 ± 0.04 179 ± 2.50 112 ± 1.10 622 ± 7.00 37.0 ± 3.50 5.60 ± 0.01 3.60 ± 0.01 35.5 ± 2.4 
Sample A = Water sample collected close to the Water Board Sample; B = Water sample collected 15 m away from sample A Sample C = Water sample obtained across 
the river bank 
 
Table 2: Concentration of Cu and Pb in the water and Lily plant samples 
Sample ID Cu Pb 
Water sample (mg/L)   
A 0.0323 ± 0.001 0.135 ± 0.001 
B 0.0243 ± 0.00 0.190 ± 0.002  
C 0.0231 ± 0.001 0.152 ± 0. 001 
Mean 0.0266 ± 0.001 0.159 ± 0.01 
Lily plant sample (mg/kg)   
A 7.10 ± 0.10 53.6 ± 0.50 
B 4.28 ± 0.02 48.5 ± 0.20 
C 5.50 ± 0.30 55.3 ± 0.30 
Mean 5.63 ± 0.10 52.5 ± 0.50 
Sample A = Water sample collected close to the Water Board Sample; B = Water sample collected 15 m away from sample A; Sample C = Water sample obtained across the river 
bank 
 




The results of electrical conductivity in 
sample B and C were below the WHO (2004) limit 
of 1000 μS/cm while that of sample A is above the 
standard as shown in Table 2. Although 
conductivity is not a human or aquatic health 
concern, it serves as an indication of other water 
quality problems (Dan et al., 2014).. The values of 
electrical conductivity recorded in this study are 
similar to those found by Oluyemi et al. (2012) in 
some selected areas of Ife - North Local 
Government of Osun State Nigeria. 
Total dissolved solids (TDS) of water 
measures the amount of inorganic and organic 
substances dissolved in water. The values of TDS 
measured at all sampling sites were below the 
WHO (2004) permissible limit of 1000 mg/L as 
shown in Table 2 above. The TDS value of water 
close to 600 mg/L is acceptable whereas those 
greater than 1000 mg/L is unpalatable for human 
consumption (Apau et al., 2014). Samples A, B and 
C showed TDS of 395, 635 and 622 respectively 
which are all below the standard values set by 
WHO (2004). Some treatments such as addition of 
coagulants may be required to make these waters 
suitable for domestic purposes. The results of TDS 
in this study is similar to those reported by Raji et 
al. (2015) from water samples collected in River 
Sokoto, North-Western Nigeria. 
Total suspended solids (TSS) give a 
measure of the turbidity of the water. TSS was 
higher in sample A followed by sample B as shown 
in Table 2. Total suspended solids just like 
turbidity measures the transparency of the water 
sample. A high TSS value as in sample A (38.0 
mg/l) indicates an equally high turbidity. The TSS 
values in this study were well within the 
permissible limits of 1700 mg/l set by (WHO, 
2004). The results of TSS in this study is similar to 
those reported by Raji et al. (2015) from water 
samples collected in River Sokoto, Northwestern 
Nigeria. 
Turbidity is a measure of water clarity 
how much the material suspended in water 
decreases the passage of light through the water. 
Suspended materials include soil particles (clay, 
silt, and sand), algae, plankton, microbes, and other 
substances. Turbidity values were low for samples 
B and C, but relatively higher for sample A. 
Turbidity indicates the degree of interference, 
scattering or absorption of light or the reduction of 
transparency in water due to the presence of 
particulate matter such as clay or slit, finely divided 
organic matter, plankton or other microscopic 
organisms. The higher the turbidity values the 
lower the light transparency. Sample B has low 
turbidity value which indicates a high transparency. 
Sample A has high turbidity value which indicates 
the density of debris which shields the passage of 
light.   
The colour assessment of the samples 
ranged from 179 to 220 TCU.  Sample A recorded 
the highest value followed by sample B while 
sample C had the least value. Colour in water may 
be due to the presence of organic matter such as 
humic substances, metals such as iron and 
manganese, or highly coloured industrial wastes. 
The result obtained for colour in this study is above 
the standard of 15 TCU set by (WHO, 2004). 
The pH of the water samples in this study 
ranged from (5.96 - 6.13) which is acidic for 
human consumption. The pH value of water below 
6.5 is regarded as acidic for human consumption 
because it can cause health issues such as acidosis 
and damage to the digestive and lymphatic system 
(Nkansah et al., 2010). At lower pH, the solubility 
of toxic metals in water increases and makes it 
harmful for consumption. According to Kim et al. 
(2002) the pH of this range may be attributed to the 
effects of bicarbonates, geology of the area and the 
buffering capacity of the water system. This result 
is in line with those reported by Koffi et al. (2014) 
and Mohamed & Zahir (2013) in Ivory Coast and 
India respectively. 
Dissolved oxygen (DO) is the amount of 
gaseous oxygen dissolved in water. The DO in 
water is a very important parameter in water quality 
because it serves as an indicator of the physical, 
chemical and biological activities of the water body 
(Manikannan et al., 2011). The DO values 
measured in sample A, B and C were below the 
WHO (2008) standard of 7.5 mg/L as shown in 
Table 2. The presence of high concentration of 
organic matter, dissolved gases and domestic 
effluents leaching into the water system decreases 
the oxygen content of water. High salinity and 
temperature is known to affect the dissolution of 
oxygen in water bodies (Manikannan et al., 2011).  
Biochemical oxygen demand is used to 
measure the amount of biochemically degradable 
organic matter present in water. According to 
Oluyemi et al. (2012), BOD values less than 6 
mg/L suggests that the water is least polluted with 
organic matter. Sample A recorded the lowest BOD 
followed by sample C while the highest BOD was 
recorded in sample B. This suggests that the water 
from the sample area is less polluted by organic 
matter and they could support aquatic life. 
Total hardness is a measurement of the 
mineral content in a water sample that is 
irreversible by boiling. Total hardness of the water 
sample ranged from 100 - 112 mg/L. Total 
hardness as shown in Table 1 shows that sample C 
has the highest value followed by sample B while 
sample A had the least value. The concentration 
obtained in this study is below the (WHO, 2008) 
permissible limit of 500 mg/L. 
The chloride ion in the water samples 
analyzed is below the level of 250 mg/L set by 
WHO (2008) as shown in Table 1. Chloride 
concentrations in excess of about 250 mg/L can 
give rise to detectable taste in water, but the 
threshold depends upon the associated cations.  
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Copper enters the water system through 
mineral dissolution, industrial effluents or use of 
pesticides (Gyamfi et al., 2012). The amount of 
copper detected in water at all sampling points was 
below the WHO (2008) permissible limit of 2 
mg/L. The mean concentration of Cu in water was 
found to be 0.027 mg/l as shown in Table 2. 
However, some amount of copper are required for 
metabolism and the synthesis of haemoglobin, 
myoglobin, cytochromes and several enzymes 
(Maughan, 1999) whereas high consumption of 
copper may lead to neurological complications, 
hypertension, liver and kidney problems (Krishna 
& Govil, 2004). 
The mean concentration of lead in the 
water sample (0.159 mg/L) exceeded the WHO 
(2004) permissible limits of 0.01 mg/L. Hence, the 
consumption of water can pose a significant risk to 
the consumers. The findings of lead in water which 
ranged from 2.79 to 6.64 mg/L by Oluyemi et al. 
(2012) were higher than those reported in this 
study. Lead is known to induce a broad range of 
physiological, biochemical, and behavioural 
dysfunction in human and animals which affects 
the central and peripheral nervous system, 
cardiovascular system, kidney, and liver (Hsu & 
Leon, 2002). 
According to planks (1973) normal Cu 
concentration in plants should range from 5 - 20 
mg/kg where concentration higher than 20 mg/kg 
may be harmful to plants. However, WHO/FAO 
(2007) recommended a guideline value of 40 
mg/kg. The concentration of copper recorded in 
this study fell within the normal range of Cu 
required by plants for growth and development.  
However, the concentration of Cu recorded in this 
study was below the permissible limit set by 
WHO/FAO (2007). The mean concentration of 
copper in the plant samples as shown in Table 2 is 
5.63 mg/kg. 
The mean concentration of lead in the 
water lily plant analysed, exceeded the WHO/FAO 
(2007) guideline value of 5 mg/kg. The high 
concentration of lead found in the water lily plants 
may be attributed to the release of domestic 
effluent containing lead, automobile exhaust, 
industrial emissions, smoke and dust emissions 
from gas and petrol fired stations. The high level of 
lead in plants can cause anaemia, headache, brain 
damage, and nervous system disorder to humans 
and animals (Rehman et al., 2013). 
 
CONCLUSION 
The physiochemical parameters of water 
samples were examined to evaluate the quality of 
drinking water. The results of the physicochemical 
parameters of water samples revealed that most of 
the water quality parameters were within the World 
Health Organization limits (2008) with the 
exception of colour and electrical conductivity, 
which was relatively higher indicating some source 
of pollution. The concentration of the heavy metals 
in water and plant was below the WHO, 2004; 
WHO, 2008) standards except Pb which exceeded 
the WHO (2004) permissible limit. It is therefore, 
observed that the water sources from the studied 
area have a lot of potentials for wide applications to 
the people if only they can be subjected to further 
treatments that will reduce drastically, the 
concentration of the few identified elements 
parameters that may pose some danger to health 
and the society. There is need for proper 
enforcement of environmental laws by relevant 
authorities, particularly on illegal 
dumping/discharge of waste into rivers. 




Apau, J., Acheampong, A., & Bepule, V. (2014). 
Physicochemical and Microbial 
Parameters of Water From Hand-Dug 
Wells From Nyamebekyere , A Surburb of 
Obuasi , Ghana. International Journal of 
Science and Technology, 3(6): 347–351.  
APHA, (2005). Standard Methods for the 
Examination of Water and Wastewater. 
21st Edn, American Public Health 
Association, Washington, DC., USA. 
p541. 
Arora, M., Kiran, B., Rani, S., Rani, A., Kaur, B., 
& Mittal, N. (2008). Heavy metal 
accumulation in vegetables irrigated with 
water from different sources. Food 
Chemistry, 111(4): 811–815. 
http://doi.org/10.1016/j.foodchem.2008.04
.049. 
Asante, K.A.; Agusa, T.; Subramanian, A.; Ansa-
Asare, O.D.; Biney, C.A.; Tanabe, S. 
(2007). Contamination status of arsenic 
and other trace elements in drinking water 
and residents from Tarkwa, a historic 
mining township in Ghana. Chemosphere. 
66:1513 - 1522. 
Aydinalp, C. and Marinova, S. (2003), 
"Distribution and Forms of heavy metals 
in some agricultural soils. Polish Journal 
of Environmental Studies, 12(5): 629-633. 
Babatunde, O., Oyewale, A., and Steve, P. (2014). 
Bioavailable trace elements in soils 
around NNPC Oil Depot Jos, Nigeria. 
Journal of Environmental Science, 
Toxicology and Food Technology, 8(1): 47 
- 56. 
Boran, M. and Altynok, N. (2010). A review of 
heavy metals in water, sediments and 
living organisms in the black sea. Turkish 






CSJ 10(2): December, 2019 ISSN: 2276 – 707X Ande et al. 
60 
 
Castro-González, M. I., and Méndez-Armenta, M. 
(2008). Heavy metals: Implications 
associated to fish consumption. 
Environmental Toxicology and 
Pharmacology, 26(3): 263–71. 
http://doi.org/10.1016/j.etap.2008.06.001 
Chen, Y., Wang, C. and Wang, Z. (2005). Residues 
and source identification of persistent 
organic pollutants infarm land soils 
irrigated by effluents from biological 
treatment plantsI. Environment 
International, 31: 778-783. 
Dan, S. F., Umoh, U. U., and Osabor, V. N. (2014). 
Seasonal variation of enrichment and 
contamination of heavy metals in the 
surface water of Qua Iboe River Estuary 
and adjoining creeks, South-South 
Nigeria. Journal of Oceanography and 
Marine, 5(6): 45 – 55. 
Essoka, P. A., Ubogu, A. E., and Uzu, L. (2006). 
An overview of oil pollution and heavy 
metal concentration in Warri area, 
Nigeria. Management of Environmental 
Quality: An International Journal, 17(2): 
209 - 215. 
Greaney, K. M. (2005). An Assessment of Heavy 
Metal Contamination in the Marine 
Sediments of Las Perlas Archipelago, Gulf 
of Panama. School of Life Sciences, 
Heriot-Watt University, Edinburgh. p109. 
Gyamfi, E. T., Ackah, M., Anim, A. K., Hanson, J. 
K. and Kpattah, L. (2012). Chemical 
analysis of potable water samples from 
selected suburbs of Accra , Ghana. 
International Academy of Ecology and 
Environmental Sciences, 2(2): 118 - 127. 
Hsu, P., and Leon, Y. (2002). Antioxidant nutrients 
and lead toxicity. Toxicology, 180: 33 - 
44. 
Kisamo, D.S. (2003). Environmental hazards 
associated with heavy metals in Lake 
Victoria Basin (EastAfrica)", Tanzania. 
Afr. Newslett. on Occup. Health and 
Safety, 13: 64 - 69. 
 Koffi, K.M., Coulibaly, S., Atse, B.C., & Paul, E. 
(2014). Survey of heavy metals 
concentrations in water and sediments of 
the estuary Bietri Bay , Ebrie Lagoon , 
Cote D ’ Ivoire. International Journal of 
Research in Earth and Environmental 
Sciences, 1(3): 1 - 10. 
Krishna, A.K., and Govil, P.K. (2004). Heavy 
metal contamination of soil around Pali 
industrial area, Rajasthan, India. 
Environmental Geology, 47(1), 38 - 44. 
Manikannan, R., Asokan, S. and Ali, A.H.M.S. 
(2011). Seasonal variations of physico-
chemical properties of the Great 
Vedaranyam Swamp, Point Calimere 
Wildlife Sanctuary, South-East coast of 
India. African Journal of Environment 
Science and Technology, 5(9): 673 -681. 
Mapanda, F., Mangwayana, E.N., Nyamangara, J. 
and Giller, K.E. (2005), The effects of 
long term irrigationusing water on heavy 
metal contents of soils under vegetables, 
Agriculture, Ecosystem and Environment, 
107: 151 - 156. 
Maughan, R.J. (1999). Role of micronutrients in 
sport and physical activity. British 
Medical Bulletin, 55(3): 683 - 690. 
Mohamed, H.M. and Zahir, H.A. (2013). Study of 
groundwater quality at Dindigul Town , 
Tamilnadu, India. International Research 
Jounrnal of Environment Science, 2(1): 68 
- 73. 
Morais, S., Costa, F.E. and Pereira, M. de L. 
(2012). Heavy Metals and Human Health. 
In: Environmental Health-Emerging 
Issues and Practice, Oosthuizen, J. (Ed.) 
InTech Publishers, Rijeka, Croatia. 227 - 
246. 
Nkansah, M.A., Boadi, M.O. and Badu, M. (2010). 
Assessment of the Quality of Water from 
Hand-Dug Wells in Ghana. Environmental 
Health Insights, 4: 7 - 12. 
Nnamonu, L.A., Ogidi, A. O. and Eneji, I. S. 
(2018). Analysis of heavy metals content 
of fluted pumpkin (Telfairia occidentalis) 
leaves cultivated on the South Bank of 
River Benue, Nigeria. Food Science and 
Quality Management, 39: 1 - 8. 
Okonkwo, N.C., Igwe, J.C. and Onwuchekwa, E.C. 
(2005). Risk and health implications of 
polluted soils for crop production. African 
Journal of Biotechnology, 4(13): 1521 - 
1524. 
Oluyemi, E.A.,  Adekunle,  A.S, Adenuga, A.A. 
and Makinde, W.O.  (2012). Physico-
chemical properties and heavy metal 
content of water sources in Ife North 
Local Government Area of Osun State, 
Nigeria. African Journal of Environmental 
Science and Technology, 4(10): 691 - 697. 
Osam, M., Wegwu, M., and Ayalogu, E. (2013). 
An assessment of some heavy metal 
elements in crude oil contaminated soils 
remediated by some wild-type legumes. 
International Journal of Engineering 
Science Invention, 2(11): 37 – 42. 
Osuji, L.C., and Onojake, C.M. (2004). Trace 
heavy metals associated with crude oil: A 
case study of Ebocha-8 Oil-Spill-Polluted 
site in Niger Delta, Nigeria. Chemistry 
and Biodiversity, 1(2004): 1708 - 1715. 
Raji, M.I.O., Ibrahim, Y.K. E., Tytler, B.A. and 
Ehinmidu, J.O. (2015) Physicochemical 
characteristics of water samples collected 
from River Sokoto, North-Western. 
Nigeria. Atmospheric and Climate 
Sciences, 5: 194-199. 
http://dx.doi.org/10.4236/acs.2015.53013 
 
CSJ 10(2): December, 2019 ISSN: 2276 – 707X Ande et al. 
61 
 
Rehman, A., Ullah, H., Khan, R.U. and Ahmad, I. 
(2013). Population based study of heavy 
metals in medicinal plant Capparis 
decidua. International Journal of 
Pharmacy and Pharmaceutical Sciences, 
5(1): 108 - 113. 
Planks, C.W.O. (1979). Plant Analysis. Plant Book 
for Georgia. Bulletin, pp. 735. 
Wang, Z., Wang, Y. and Cai, W.J. and Liu, S.Y, 
(2002), A long lathlength 
spectrophotometric pCO2 sensor using a 
gas-permeable liquid-core waveguide, 
Talanta, 57: 69 - 80.  
WHO. (2004). Cadmium in Drinking-water. 
Background document for development of 
WHO Guidelines for Drinking-water 
Quality. p 336. 
WHO/FAO. (2007). Joint FAO/WHO Food 
Standard Programme Codex Alimentarius 
Commission 13th Session. Report of the 
Thirtieth Session of the Codex Committee 
on Food Hygiene. Houston, United States 
of America, ALINORM 07/30/13. 
WHO (2008). World Health Organization 
guidelines for drinking water quality. 
Third Edition, incorporating First and 
Second Addenda, Vol. 1. 
Recommendations. pp. 668. 
Zeng, F., Mao, Y., Cheng, W., Wu, F. and Zhang, 
G. (2008). Genotypic and environmental 
variation in chromium, cadmium and lead 
concentrations in rice. Environmental 
Pollution, 153(2): 309 - 324. 
 
 
 
 
